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Figure 13. Alternative model testing for each disjunct genotype. The red lines represent scenarios in 
which the disjunct genotype originated from the south-western genetic cluster and the green lines in 
which they originated from a northern genetic cluster. 
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Discussion 
Origin of Disjunct Aspen Clones 
For all three disjunct stands examined (BICA Dryhead, JE Canyon, and Big Bend) the genotypes 
were consistent with an origin from a genetic cluster that is geographically adjacent but inconsistent 
with a recent long-distance seed dispersal origin from the closest montane stands sampled (especially 
when considering coalescent times – see below). For the Dryhead stand the Pryor and/or Bighorn 
Mountain stands could have been connected or founded from a larger forest that occupied the 
Bighorn river valley during the last glacial period. While the Dryhead stand is similar to the other 
stands in JE Canyon Ranch and Big Bend in being in an ecologically anomalous setting, different 
selection pressures (such as day length, e.g. Wang et al. 2018) may have resulted in a northern 
genotype persisting in the arid Dryhead stand. From other studies in Populus (e.g. Wang et al. 2018; 
Keller et al. 2018) and molecular ecology principles (Callahan et al. 2013), one would expect genes 
for tolerating aridity to be associated with south-western genotypes. However, given the presence of 
both northern and south-western genotypes in the Pryor Mountains, this area may represent a 
midpoint in the conditions selecting for northern and south-western genotypes and/or simply a 
geographic midpoint that has suitable habitat during climatic oscillations and harbors genotypes from 
both contracting and expanding range fluctuations (Abellán and Svenning 2014). While the Pryor 
and Bighorn stands possess both northern and south-western genotypes, the lack of triploid 
genotypes in the Pryor Mountains is more similar to stand dynamics found in the Northeast and 
Midwest. Comparative functional genomic studies focused on the Pryor Mountains and range margin 
genotypes are needed to elucidate what processes maintain the north south-western division in some 
areas and not others, as well as what factors select for high rates of triploidy.  

No evidence for triploidy was found for any genotypes in either fragment analysis or morphological 
examination of individuals in the three disjunct stands studied herein. Triploidy in aspen has been 
thought to be associated with tolerance to higher temperatures and drought stress given the higher 
abundance of triploids in the south-western portion of the aspen range (Mock et al. 2012). However, 
triploids are often associated with higher elevation locations (Mock et al. 2012) that are generally 
cooler and wetter and, in many cases, would have been glaciated or unsuitable during the last glacial 
period (Ding et al. 2017). Furthermore, physiological studies comparing triploid and diploid stands 
indicate that triploids have a higher transpiration rate and thus require a greater water supply than 
diploids, potentially making them more sensitive to drought and heat stress (Greer et al. 2017). Thus 
triploids may have been at a competitive advantage during the shift from lower elevation occupied 
during glaciation to higher elevation during glacial retreat. The shift from broad lowland valleys to 
more narrow mountainous valleys and slopes with newly opened niches from glacial retreat is 
expected to have increased competition between species wherein neopolyploids could have had a 
selective advantage over diploids (e.g. Sugiyama 1998; Sutherland and Galloway 2018). While 
polyploidy may present a selective advantage during colonization it could in turn be disadvantageous 
at the trailing edge of a species range where environmental selection is expected to intensify 
(Kiedrzynski et al. 2017). Our findings of disjunct stands in arid settings containing only diploid 
genotypes supports such a model of aspen range shift in the mountainous south-western portion of 
the range. Despite the lack of triploids in any of the disjunct stands examined for this study, triploid 
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stands remain important candidates for conservation and future study as they possess unique gene 
combinations/interactions, physiological attributes, wood characteristics, and ecological interactions 
more likely to be lost as triploids have higher rates of sterility than diploids (Bradshaw and Stettler 
1993).       

The allelic combination of the Dryhead genotype (Appendix A) is unique across the range of aspen, 
in particular the presence of allele 243 at locus W14 is worth noting. The pattern of shared rare 
alleles from northeastern North America to the Pryor\Bighorn area is also found with specimen 
17144 from the Pryor mountains containing allele 138 (monomorphic) at locus P510 with only one 
other genotype in the Catskill mountains of New York. This further suggests a relictual connection 
when these or parental genotypes may have been connected through geneflow in the past. Allele 243 
at locus W14 was also found in a triploid individual (17181; Appendix D) collected as part of this 
study in the Bighorn Mountains. From the examination of the morphology and the genotype of 17181 
it may be a cross between P. tremuloides and P. balsamifera. However, Eckenwalder (1996) asserts 
that claims of this particular cross have been misidentified as P. ×jackii. Alternatively, the triploid 
may be a cross between P. tremuloides and P. trichocarpa, which is also considered improbable 
(Eckenwalder 1996). The Bighorn Mountains have been identified as a hybrid zone among P. 
angustifolia, P. balsamifera, and P. trichocarpa (Chhatre et al. 2018) and as such, 17181 may 
represent a highly admixed genotype. No matter the case, P. tremuloides parentage seems possible as 
shared alleles were found in 17181 to other ‘typical’ diploid P. tremuloides including those in the 
same stand (Table 5; Steamboat Point), and all loci but one primed and produced readable amplicons 
from PCR. Thus, the presence of allele 243 in the Dryhead genotype may have been the result of an 
ancient hybridization event or is a relict allele shared with P. tremuloides, P. angustifolia, P. 
balsamifera and/or P. trichocarpa. As such, a relict or introgressed assemblage of alleles may 
explain how the Dryhead genotype persists in such arid conditions as well as the atypical 
morphology described for this genotype (Figure 3B; Stevens et al. 2017). Introgression appears to be 
an important part of the adaptive history of Populus in general (Chhatre et al. 2018) and likely P. 
tremuloides as well (Deacon et al. 2017). The detailed study of the Dryhead and similar genotypes 
using broad scale genomic techniques will be important in understanding this pattern of adaptive 
hybridization among P. tremuloides.  

The genotypes at JE Canyon and Big Bend, like the Dryhead genotype, also possess rare alleles. The 
occurrence of rare alleles shared between extant north and south-western genetic clusters in all 
disjunct genotypes compared herein may represent historic gene flow (based on expectations from 
Slatkin 1985) when the species range was contiguous in the areas where the disjuncts are currently 
present. The northern genetic cluster aspen forests today, with high rates of gene flow, large effective 
population sizes and a high proportion of private alleles may reflect what was found in southeast 
Colorado 20,000 ybp. These patterns among disjunct aspen support some of the expectations for 
trailing edge populations (Kiedrzyński et al. 2017). The JE Canyon and Big Bend stands comport to 
the microrefugia as presented by Hannah et al. (2014) given the small size of these populations, there 
location in the species range, and the occupancy of isolated microclimates relative to the surrounding 
landscape. Furthermore, with the current understanding of species range fluctuations in aspen (sensu 
Elliott and Baker 2004; Ding et al 2017) the disjunct relict stands surviving in microrefugia like those 
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in this study might harbor more ancient clones than the massive montane clones like ‘Pando’ which 
are often touted as some of the oldest stands based on size as a proxy for age (Barnes 1975; Ally et 
al, 2008). Given these findings, aspen in general and disjunct stands in particular are well suited for 
studying the evolution of species ranges and genomic adaptation across a wide breadth of ecological, 
demographic, and genetic conditions. As such, NPS units widely distributed across the US having 
documented anomalous aspen stands within their boundaries are uniquely situated for the study of 
the genetics, evolution, and conservation of disjunct relict aspen stands. In conjunction with genetic 
studies the ecological importance of aspen stands requires in-depth research to understand their role 
in supporting biodiversity. 

Age of Aspen Disjunct Stands: the Coalescent and its Relation to the “Window of 
Opportunity” in Historic Seedling Establishment  
The question of how disjunct aspen stands established in microrefugia is not fully understood. 
However, based on hindcasting of aspen niche models (Ding et al. 2107) and current observations of 
new aspen stand establishment and expansion after disturbance via seed (i.e. window of opportunity; 
Kay 1993; Elliot and Baker 2004), it seems probable that the now disjunct stands were either part of 
or closer to larger aspen stands during times of more favorable conditions at lower elevations in the 
last ~20,000 years. Additionally, the long-distance dispersal capacity of aspen seeds may have been 
important in the establishment of disjunct stands like those at Big Bend, where little past or present 
habitat (Ding et al. 2017) is located between present large montane stands and Big Bend National 
Park.  

Coalescent analyses as implemented in DIYABC and most other methods outputs the coalescent time 
in generations, which for annual plant species can be roughly equated to a mean tropical year. Aspen, 
are known to reproduce, disperse seeds, germinate, and grow to reproductive age dispersing viable 
seed (one generation) very infrequently. Thus coalescent times in generations are likely to be greatly 
decoupled from mean tropical years in aspen. Nonetheless, coalescent analyses in concert with other 
information sources, past climate reconstructions, or known earth history events can offer some 
insight into the largely unknown past reproductive periodicity of aspen. 

In the Pryor Mountains, evidence from radiocarbon dated woodrat middens (Lyford et al. 2002) and 
analyses of niche models (Ding et al. 2017) suggests that the Dryhead stand and surrounding area 
would likely have had the proper conditions for aspen establishment between 15,000 and 10,000 
years ago. The coalescent analyses estimates that approximately 150 reproductive cycles separate the 
Dryhead genotype from the extant genotypes making up the northern genetic cluster, thus supporting 
the findings for rare sexual reproduction between aspen individuals (e.g., Kay 1993). However, as the 
climate became drier and warmer through time the rate of establishment most likely decreased. Thus 
the periodicity of reproduction and establishment was probably more frequent 10,000 years ago than 
it is today.  

The JE Canyon stand might have been part of an older and larger aspen forest based on nearby 
sediment cores in the northern Sangre de Christo Mountains (Armour et al. 2002), geological 
analyses of nearby volcanic eruptions (Sayre and Ort 2011), and hindcasted niche modeling (Ding et 
al. 2017). From the Ding et al. (2017) model, the area in southeast Colorado where the JE Canyon 
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stand currently occurs was part of a large area in southeast Colorado and northeast New Mexico 
suitable for aspen 21,000 years ago. By 14,000 years ago the suitable habitat had contracted 
westward to the Spanish Peaks area where large stands exist today. Analyses of glacial sediment in 
the nearby Sangre de Christo Mountains confirm that the late Pleistocene in southeast Colorado was 
cooler and wetter (Armour et al. 2002). Volcanic activity in the Raton-Clayton volcanic field (part of 
which is included in Capulin Volcano National Monument) ceased around 56,000 years ago (Sayre 
and Ort 2011) and could have set the older bounds as well as exceptional conditions (bare mineral 
soil) for establishment of aspen in the Purgatoire River Basin of southeast Colorado. As with the 
coalescent analyses of the Pryor Mountain area, few (209) reproductive cycles separate the JE 
Canyon stand from the south-western genetic cluster. 

The pathway by which aspen established in Big Bend NP is less clear with the niche models of Ding 
et al. (2017) not showing any large scale suitable habitat in Big Bend or surrounding areas in the last 
21,000 years or previous to that in their multiple glaciation scenario (however the Sacramento 
mountains of NM are inferred to be refugia through multiple glaciations). Analyses of packrat 
middens from Big Bend do indicate that climates were cooler and wetter 10,000 years ago (Tweet et 
al. 2012). The expansion-contraction model for aspen in the southwest, wherein aspen expand to 
lower elevations during cooler wetter periods and contract to higher elevations during hotter drier 
periods (Callahan et al. 2013), does not seem as applicable to the Big Bend stand based on its 
geographical setting. For both the Dryhead and JE Canyon stands, large extant populations occur 
relatively close by and paleontological evidence and niche modelling reasonably indicate that these 
now separate populations were likely in closer genetic and geographic proximity at the beginning of 
the Holocene. Not so for the Big Bend stand, indicating it may have established via a long-distance 
dispersal event or be part of a much more ancient range expansion. The results from the coalescent 
analyses appear to support a recent dispersal, as the time to coalescence between the Big Bend 
genotype and the south-western genetic cluster are the most recent among the disjunct stands 
surveyed when theory suggests they should be the oldest (Kiedrzyński et al. 2017). Alternatively, the 
Big Bend and south-western stands might be quite old but generational turnover is less frequent 
because of the extreme conditions in which these stands persist (Jelinski and Cheliak 1992). The low 
proportion of heterozygosity in the Big Bend genotypes might also point to historical inbreeding as 
expected from distant island populations cut off from gene flow (Vásquez et al. 2016). Interestingly, 
the estimated periodicity of reproduction for the Dryhead and JE Canyon genotypes was similar, 
suggesting a possibly shared attribute such as ecological disturbance after glacial melting (Kay 1993) 
and/or masting reproductive cycles (Kelly 1994). No matter the situation, the presence of aspen in 
Big Bend NP is both geographically and ecologically anomalous and requires further study in order 
to understand its migration pathway and adaptive traits. 

While the coalescent values reported herein should be interpreted with caution given the broad range 
of values output from the Bayesian simulations and the decoupling of mean tropical years from 
sexual reproduction in aspen, it is a useful exercise in attempting to clarify the age of disjunct aspen 
stands. While other approaches using somatic mutation rate have been employed to date aspen clones 
they also inferred a broad range for clone ages (160 – 9652 years old; Ally et al. 2008). Using 
somatic mutation to infer age can also be problematic in small stands with few ramets such as the 



 

36 
 

disjunct stands studied herein. Clearly, alternative approaches such as comparative dendrochemistry 
(e.g., Poussart et al. 2006), pollen viability assays (Ally et al. 2010), and genome wide assays for 
somatic mutations are needed to more accurately estimate the ages of aspen clones throughout the 
species range and provide insights into the often-debated maximum age for relictual clones 
(Eckenwalder 1996). Additionally, combining methods that focus on different spatial and temporal 
scales, such as coalescence for historical establishment estimates and somatic mutation rates for time 
since establishment, might provide improved resolution for clone ages at a larger scale.     

Genetics of Isolated Aspen Stands and Considerations for Conservation 
An isolated stand made up of a single genotype is inherently reduced in genetic diversity. To recover 
from this state of reduced genetic diversity would require 1) selfing and subsequent recombination 
(Roze and Lenormand 2005), 2) long distance dispersal of seeds and/or pollen to these stands 
(Whiteley et al. 2015), or 3) somatic mutation (Mock et al. 2008), all of which would be extremely 
rare in these disjunct aspen stands. Furthermore, somatic mutations and selfing are unlikely to result 
in a genetic rescue that will provide sufficient adaptive capacity against rapidly changing 
environmental conditions. Over the next 100 years aspen habitat is predicted to decline by 94% 
(Rehfeldt et al. 2009), with marginal populations like those studied herein expected to be extinct as 
the microclimates and adapted genes in these disjunct genotypes will be insufficient to buffer against 
the rapidly warming climate (Hannah et al. 2014). Aspen is by no means a rare species threatened 
with extinction in the short term; however, the resource of rare genes and gene complexes adapted to 
the extreme conditions found at range margins are at risk of loss. Ironically these adapted gene 
complexes for survival in the most marginal conditions would be those most sought after in assisted 
migration efforts. 

Based on the presence of rare alleles and theoretical expectations, the stands found at Dryhead, JE 
Canyon Ranch and Big Bend NP are prime candidates for conservation and further inquiry regarding 
drought, and heat adapted genes. The Dryhead genotype and aspens across the Pryor Mountain area 
require further study to more fully understand what genetic resources are present in these stands and 
what historical and environmental conditions were responsible for maintaining such high genotypic 
diversity (north and south-western genotypes) in this area. The Pryor Mountains are known to have 
high rates of plant endemism and plant biodiversity (e.g. Lesica 1994; McCarthy 1996), but they also 
appear to be an area in which high genotypic diversity for common species like aspen are conserved. 
As such, the Pryor Mountain aspens in general and the Dryhead and Bench stands specifically should 
be studied in greater detail to elucidate the overall genetic resources of Pryor Mountain aspens and 
the phylogeographic importance of this area. With conservation funds limited, areas of high 
genotypic diversity like the Pryor Mountains and stable-edge microrefugia with potentially locally 
adapted gene complexes like the JE Canyon Ranch and Big Bend NP should also be prioritized for 
conservation and study.   

While rapid changes in climate are among the most often discussed threats to aspen, numerous other 
factors such as pest insects, fungal pathogens, overgrazing, and land use change (e.g. DeByle and 
Winokur 1985; Rogers and McAvoy 2018), alone or in concert with a warming climate, threaten 
aspen stands generally and small disjunct stands in arid settings in particular. The US National Parks 
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have conservation as a central tenant of their establishment and possess numerous aspen stands 
making them a well-suited agency for conservation of aspen genetic resources. However, other 
agencies like the US Forest Service, US Fish and Wildlife Service, Bureau of Land Management, and 
US Geological Survey all have expertise in biological conservation and would be excellent partners 
in providing services for the conservation of aspen as well. Lastly, private agencies and landholders 
have been and continue to be an important part of aspen conservation and should be integrated into 
future conservation strategies. Specifically, in-situ and ex-situ conservation measures are needed for 
short- and long-term conservation of disjunct and relict aspen genotypes respectively (Volis and 
Blecher 2010). Preservation and propagation of the disjunct genotypes discussed here and in other 
studies could be directly employed for assisted migration efforts in wild forest lands and/or large-
scale afforestation projects (Gray et al. 2011; Bastin et al. 2019) as well as integrated into the 
development of new cultivars for restoration and timber production on marginal lands (Benetka et al. 
2012). 
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Conclusions 
Since the description and characterization of continent wide patterns of genetic structuring and 
diversity in aspen (Mock et al. 2012; Callahan et al. 2013), a need for finer scale genetic studies has 
been apparent in an effort to understand how genetic structuring at the population, stand, and 
individual level contributes to genetic structure and range dynamics at the continental scale. This and 
other studies such as Deacon et al. (2017) are efforts towards elucidating fine scale genetic patterns 
in glacial refugia, which are helping to resolve larger scale questions regarding the formation and 
maintenance of continental scale patterns. As such, several findings are noted: 1) the disjunct stands 
studied herein follow an expected pattern of divergence from south to north, suggesting relictual 
origins associated with geographically adjacent stands during cooler climatic conditions; 2) south-
western disjuncts are progressively older with decreasing latitude in regard to inferred coalescent 
times to northern genetic clusters but young when compared to south-western genetic clusters; 3) all 
disjunct genotypes possessed rare alleles not found in adjacent stands, suggesting a relictual origin 
when now distant populations were connected through geneflow; and 4) no triploid genotypes were 
found among the disjunct stands suggesting that triploidy is not selected for in drought resistance and 
heat tolerance but could be at a competitive advantage during colonization after recession of montane 
glaciers. These results require further study employing broader genomic sampling and more detailed 
ecological and physiological studies to elucidate how these disjunct stands have established and 
persisted in microrefugia. Given the threats to these disjunct stands, conservation efforts should be 
enacted to preserve the unique genetic, ecological, and physiological attributes contained in these 
stands.  
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Appendix A. Collected Aspen Specimen Data 
See Table A1 for collected aspen specimen data and Table A2 for specimen molecular data. 

Table A1. Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_110 Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus angustifolia E. James large tree growing along 
stream, sticky cataphylls, 
furrowed bark  

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.62 10 1376 

17_111 Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus angustifolia E. James large tree growing along 
stream, sticky cataphylls, 
furrowed bark  

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.13 10 1392 

17_112 Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus angustifolia E. James large tree growing along 
stream, sticky cataphylls, 
furrowed bark  

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 1.25 15 1365 

17_113 Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus angustifolia E. James large tree growing along 
stream, sticky cataphylls, 
furrowed bark  

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 1.17 15 1357 

17_114* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 1.4 12 1406 

17_115* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.14 7 1408 

17_116* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.26 7 1412 

17_117* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.41 8 1416 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_118* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.52 8 1422 

17_119* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.47 7 1422 

17_120* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.45 8 1419 

17_121* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.41 7 1401 

17_122* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.51 7 1407 

17_123* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.36 7 1408 

17_124* Luke R 
Tembrock, 
Bill Picket 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, thick leaves, die 
back in upper part of crown, 
suckering heavily browsed 

Rhus trilobata, Juniperus  
scopulorum, Artemisia spp, 
Achillea millefolium, Gutierrezia 
sarothrae  

Bighorn Canyon NRA, headwaters of side drainage to Dry 
Head Creek a western side drainage to the Bighorn River, 
sandstone and limestone geology, area heavily disturbed 
from wild horses, numerous flowing springs and seeps in the 
area.  

Montana Carbon 29-Aug-17 0.59 10 1420 

17_125* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.5 10 1866 

17_126* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.75 15 1868 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_127* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.33 10 1876 

17_128* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.89 12 1862 

17_129* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.55 12 1864 

17_130* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Mahonia repens, 
Symphoricarpus albus, 
Juniperus scopulorum, Cirsium 
sp, Cornus sericea, Acer 
glabrum, Physocarpus sp, 
Pseudotsuga menziesii 

Bighorn Canyon NRA, 15 acre grove situtated on a bench 
between limestone escarpments on the eastern slope of the 
Pryor mtns, numerous flowing springs and seeps, area wetter 
than surrounding slopes, grove very healthy with trees of 
multiple ages classes.  

Montana Carbon 29-Aug-17 0.22 3 1867 

17_131 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Shepherdia 
canadensis, Juniperus 
communis, Pseudotsuga 
menziesii, Potentilla fruticosa 

Custer National Forest, ~20 acre grove 140 meters west of 
FR 2849 in saddle between Big Pryor Mtn and East Pryor 
Mtn, grove associated with flowing springs amidst sagebrush 
park lands 

Montana Carbon 30-Aug-17 0.35 8 2157 

17_132 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Shepherdia 
canadensis, Juniperus 
communis, Pseudotsuga 
menziesii, Potentilla fruticosa 

Custer National Forest, ~20 acre grove 140 meters west of 
FR 2849 in saddle between Big Pryor Mtn and East Pryor 
Mtn, grove associated with flowing springs amidst sagebrush 
park lands 

Montana Carbon 30-Aug-17 0.31 5 2138 

17_133 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Shepherdia 
canadensis, Juniperus 
communis, Pseudotsuga 
menziesii, Potentilla fruticosa 

Custer National Forest, ~20 acre grove 140 meters west of 
FR 2849 in saddle between Big Pryor Mtn and East Pryor 
Mtn, grove associated with flowing springs amidst sagebrush 
park lands 

Montana Carbon 30-Aug-17 0.305 10 2145 

17_134 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Shepherdia 
canadensis, Juniperus 
communis, Pseudotsuga 
menziesii, Potentilla fruticosa 

Custer National Forest, ~20 acre grove 140 meters west of 
FR 2849 in saddle between Big Pryor Mtn and East Pryor 
Mtn, grove associated with flowing springs amidst sagebrush 
park lands 

Montana Carbon 30-Aug-17 0.32 12 2154 

17_135 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix spp, Abies lasiocarpa, 
Physocarpus sp, Iris 
missouriensis, Potentilla 
fruticosa 

Custer National Forest, large grove spread over several miles 
850 meters ENE from Dry Head Vista on East Pryor Mtn,  
grove situtated on a bench between limestone escarpments, 
numerous flowing springs and seeps, area wetter than 
surrounding slopes, grove very healthy with trees of multiple 
ages classes. 

Montana Carbon 30-Aug-17 0.68 8 2201 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_136 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix spp, Abies lasiocarpa, 
Physocarpus sp, Iris 
missouriensis, Potentilla 
fruticosa 

Custer National Forest, large grove spread over several miles 
850 meters ENE from Dry Head Vista on East Pryor Mtn,  
grove situtated on a bench between limestone escarpments, 
numerous flowing springs and seeps, area wetter than 
surrounding slopes, grove very healthy with trees of multiple 
ages classes. 

Montana Carbon 30-Aug-17 0.255 6 2176 

17_137 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix spp, Abies lasiocarpa, 
Physocarpus sp, Iris 
missouriensis, Potentilla 
fruticosa 

Custer National Forest, large grove spread over several miles 
850 meters ENE from Dry Head Vista on East Pryor Mtn,  
grove situtated on a bench between limestone escarpments, 
numerous flowing springs and seeps, area wetter than 
surrounding slopes, grove very healthy with trees of multiple 
ages classes. 

Montana Carbon 30-Aug-17 0.35 7 2135 

17_138 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix spp, Abies lasiocarpa, 
Physocarpus sp, Iris 
missouriensis, Potentilla 
fruticosa 

Custer National Forest, large grove spread over several miles 
850 meters ENE from Dry Head Vista on East Pryor Mtn,  
grove situtated on a bench between limestone escarpments, 
numerous flowing springs and seeps, area wetter than 
surrounding slopes, grove very healthy with trees of multiple 
ages classes. 

Montana Carbon 30-Aug-17 0.5 8 2066 

17_139 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.57 7 2072 

17_140 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.305 6 2083 

17_141 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.28 5 2070 

17_142 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.205 3 2070 

17_143 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.21 3 2072 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_144 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.24 3 2072 

17_145 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.28 6 2073 

17_146 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemesia spp, 
Geranium sp 

Custer National Forest,  located on both sides of FR 2097, 
associated with springs and seeps at south end of Harsten 
Flats, North and East facing slopes, trees generally healthy. 

Montana Carbon 31-Aug-17 0.55 7 2093 

17_147 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Rubus parviflorus, Salix spp, 
Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemisia spp, 
Geranium sp 

Custer National Forest, located at headwaters of Sage Creek 
south of Roberts Bench, associated with springs (Teeples 
spring)and seeps in NW facing drainage, trees generally 
healthy. 

Montana Carbon 31-Aug-17 0.45 8 2150 

17_148 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Rubus parviflorus, Salix spp, 
Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemisia spp, 
Geranium sp 

Custer National Forest, located at headwaters of Sage Creek 
south of Roberts Bench, associated with springs (Teeples 
spring)and seeps in NW facing drainage, trees generally 
healthy. 

Montana Carbon 31-Aug-17 0.46 5 2109 

17_149 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Rubus parviflorus, Salix spp, 
Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemisia spp, 
Geranium sp 

Custer National Forest, located at headwaters of Sage Creek 
south of Roberts Bench, associated with springs (Teeples 
spring)and seeps in NW facing drainage, trees generally 
healthy. 

Montana Carbon 31-Aug-17 0.37 6 2075 

17_150 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Rubus parviflorus, Salix spp, 
Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemisia spp, 
Geranium sp 

Custer National Forest, located at headwaters of Sage Creek 
south of Roberts Bench, associated with springs (Teeples 
spring)and seeps in NW facing drainage, trees generally 
healthy. 

Montana Carbon 31-Aug-17 0.275 3 2057 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_151 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Rubus parviflorus, Salix spp, 
Juniperus communis, 
Symphoricarpus albus, Abies 
lasiocarpa, Picea engelmannii, 
Rosa woodsii, Prunus 
virginiana, Artemisia spp, 
Geranium sp 

Custer National Forest, located at headwaters of Sage Creek 
south of Roberts Bench, associated with springs (Teeples 
spring)and seeps in NW facing drainage, trees generally 
healthy. 

Montana Carbon 31-Aug-17 0.32 4 2098 

17_152 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Achillea 
millefolium, Phleum pratense, 
Rosa woodsii, Iris missouriensis 

Custer National Forest, very small grove of young trees 
located at edge of park at the intersection of FR 2097 and 
2073. 

Montana Carbon 31-Aug-17 0.31 5 2164 

17_153 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Achillea 
millefolium, Phleum pratense, 
Rosa woodsii, Iris missouriensis 

Custer National Forest, very small grove of young trees 
located at edge of park at the intersection of FR 2097 and 
2073. 

Montana Carbon 31-Aug-17 0.345 6 2166 

17_154 Luke R 
Tembrock 

Salicaceae Populus angustifolia E. James young tree, trunk forrowed, 
leaves nearly elliptical, 
cataphylls sticky  

Salix sp, Abies lasiocarpa, 
Picea engelmannii  

Custer National Forest, small cluster of trees growing from 
borrow ditch along FR 23085 

Montana Carbon 31-Aug-17 n n 2124 

17_155 Luke R 
Tembrock 

Salicaceae Populus tremuloides 
x 
angustifolia 

 
young tree, trunk white, 
unforrowed, leaves sub-
elliptical, cataphylls somewhat 
sticky 

Salix sp, Abies lasiocarpa, 
Picea engelmannii  

Custer National Forest, small cluster of trees growing from 
borrow ditch along FR 23085 

Montana Carbon 31-Aug-17 0.455 7 2130 

17_156 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix sp, Abies lasiocarpa, 
Picea engelmannii, Artemisia 
spp., Rubus parviflorus, 
Amelanchier alnifolia, Acer 
glabrum 

Custer National Forest, grove growing along tributary of Sage 
Creek, North of FR 23085 

Montana Carbon 31-Aug-17 0.365 7 2037 

17_157 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix sp, Abies lasiocarpa, 
Picea engelmannii, Artemisia 
spp., Rubus parviflorus, 
Amelanchier alnifolia, Acer 
glabrum 

Custer National Forest, grove growing along tributary of Sage 
Creek, North of FR 23085 

Montana Carbon 31-Aug-17 0.27 4 2005 

17_158 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, trunk white, 
unforrowed, leaves sub-
elliptical, cataphylls somewhat 
sticky 

Salix sp, Abies lasiocarpa, 
Picea engelmannii  

Custer National Forest, small cluster of trees growing at the 
base of the road fill on FR 23085 

Montana Carbon 31-Aug-17 0.67 10 1993 

17_159 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Salix sp, Abies lasiocarpa, 
Picea engelmannii  

Custer National Forest, small cluster of trees growing at the 
base of the road fill on FR 23085 

Montana Carbon 31-Aug-17 0.57 8 1863 

17_160 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. very large mature tree, some 
evidence of browsing, trunk 
white, unforrowed, leaves 
nearly round  

Artemisia spp, Alnus sp, Pinus 
sp, Abies lasiocarpa, Ribes sp, 
Iris missouriensis 

Bighorn National Forest, eastern drainage of the Bighorn 
mtns, aspen trees surrounding marshy meadow between two 
levels of Alt 14 

Wyoming Bighorn 31-Aug-17 1.02 10 2130 

17_161 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Alnus sp, Pinus 
sp, Abies lasiocarpa, Ribes sp, 
Iris missouriensis 

Bighorn National Forest, eastern drainage of the Bighorn 
mtns, aspen trees surrounding marshy meadow between two 
levels of Alt 14 

Wyoming Bighorn 31-Aug-17 0.145 3 2163 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_162 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Juniperus 
communis, Lupinus sp, Abies 
lasiocarpa, Picea engelmannii 

Bighorn National Forest, ~20 acre grove on east facing slope 
of Big Willow Creek, 200 meters ENE from the Galloway 
cabin on FR 159 

Wyoming Sheridan 1-Sep-17 0.655 7 2559 

17_163 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Juniperus 
communis, Lupinus sp, Abies 
lasiocarpa, Picea engelmannii 

Bighorn National Forest, ~20 acre grove on east facing slope 
of Big Willow Creek, 200 meters ENE from the Galloway 
cabin on FR 160 

Wyoming Sheridan 1-Sep-17 1.02 8 2574 

17_164 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Juniperus 
communis, Lupinus sp, Abies 
lasiocarpa, Picea engelmannii 

Bighorn National Forest, ~20 acre grove on east facing slope 
of Big Willow Creek, 200 meters ENE from the Galloway 
cabin on FR 161 

Wyoming Sheridan 1-Sep-17 1.07 8 2604 

17_165 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. very large mature tree, some 
evidence of browsing, trunk 
white, unforrowed, leaves 
nearly round  

Artemisia spp, Lupinus sp, 
Achillea millefolium, Picea 
engelmannii, Pinus contorta 

Bighorn National Forest,  clones scattered on South facing 
slope of Little Tepee Creek, 340 meters south of Bucking 
Mule Falls TH, in open rocky sagebrush parklands 

Wyoming Bighorn 1-Sep-17 1.67 12 2512 

17_166 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Lupinus sp, 
Achillea millefolium, Picea 
engelmannii, Pinus contorta 

Bighorn National Forest,  clones scattered on South facing 
slope of Little Tepee Creek, 340 meters south of Bucking 
Mule Falls TH, in open rocky sagebrush parklands 

Wyoming Bighorn 1-Sep-17 0.89 9 2507 

17_167 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp, Lupinus sp, 
Achillea millefolium, Picea 
engelmannii, Pinus contorta 

Bighorn National Forest,  clones scattered on South facing 
slope of Little Tepee Creek, 340 meters south of Bucking 
Mule Falls TH, in open rocky sagebrush parklands 

Wyoming Bighorn 1-Sep-17 0.57 7 2476 

17_168 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Achillea 
millefolium, Balsamorhiza 
sagittata 

Bighorn National Forest,  clones scattered on South and 
West facing slopes above Alt 14, in open rocky sagebrush 
parklands associated with springs and seeps 

Wyoming Bighorn 1-Sep-17 0.36 4 2487 

17_169 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Achillea 
millefolium, Balsamorhiza 
sagittata 

Bighorn National Forest,  clones scattered on South and 
West facing slopes above Alt 14, in open rocky sagebrush 
parklands associated with springs and seeps 

Wyoming Bighorn 1-Sep-17 0.545 4 2506 

17_170 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Achillea 
millefolium, Balsamorhiza 
sagittata 

Bighorn National Forest,  clones scattered on South and 
West facing slopes above Alt 14, in open rocky sagebrush 
parklands associated with springs and seeps 

Wyoming Bighorn 1-Sep-17 0.34 4 2507 

17_171 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Achillea 
millefolium, Balsamorhiza 
sagittata 

Bighorn National Forest,  clones scattered on South and 
West facing slopes above Alt 14, in open rocky sagebrush 
parklands associated with springs and seeps 

Wyoming Bighorn 1-Sep-17 0.59 5 2485 

17_172 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Picea 
engelmannii, Pinus contorta, 
Juniperus communis  

Bighorn National Forest,  clones on Southwest facing slope of 
North Tongue River, 520 meters west of Wheddon spring and 
200 north of Alt 14, in open rocky sagebrush parklands 
associated with springs and seeps 

Wyoming Sheridan 1-Sep-17 0.315 4 2659 

17_173 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Artemisia spp., Picea 
engelmannii, Pinus contorta, 
Juniperus communis  

Bighorn National Forest,  clones on Southwest facing slope of 
North Tongue River, 520 meters west of Wheddon spring and 
200 north of Alt 14, in open rocky sagebrush parklands 
associated with springs and seeps 

Wyoming Sheridan 1-Sep-17 0.44 4 2645 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_174 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. very large, mature tree, some 
evidence of browsing, trunk 
white, unforrowed, leaves 
nearly round  

Artemisia spp., Achillea 
millefolium, Lupinus sp, Frasera 
speciosa, Picea engelmannii, 
Pinus contorta 

Bighorn National Forest,  large clones on Southeast facing 
slopes of the North Tongue River, 340 meters North of the 
angler access parking lot on Alt 14, in open rocky sagebrush 
parklands, two experimental clearcut and enclosure sites are 
contained in this grove  

Wyoming Sheridan 1-Sep-17 1.275 15 2521 

17_175 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. very large, mature tree, some 
evidence of browsing, trunk 
white, unforrowed, leaves 
nearly round  

Artemisia spp., Achillea 
millefolium, Lupinus sp, Frasera 
speciosa, Picea engelmannii, 
Pinus contorta 

Bighorn National Forest,  large clones on Southeast facing 
slopes of the North Tongue River, 340 meters North of the 
angler access parking lot on Alt 14, in open rocky sagebrush 
parklands, two experimental clearcut and enclosure sites are 
contained in this grove  

Wyoming Sheridan 1-Sep-17 1.085 15 2530 

17_176 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
contorta, Potentilla fruticosa, 
Salix sp, Bromus spp, Lupinus 
sp 

Bighorn National Forest,  large clones on both sides of Alt 14, 
850 meters Northeast of Burgess Junction, in open marshy 
parklands, one experimental clearcut and enclosure site is 
contained in this grove  

Wyoming Sheridan 1-Sep-17 0.805 10 2443 

17_177 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
contorta, Potentilla fruticosa, 
Salix sp, Bromus spp, Lupinus 
sp 

Bighorn National Forest,  large clones on both sides of Alt 14, 
850 meters Northeast of Burgess Junction, in open marshy 
parklands, one experimental clearcut and enclosure site is 
contained in this grove  

Wyoming Sheridan 1-Sep-17 0.895 9 2447 

17_178 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
contorta, Potentilla fruticosa, 
Salix sp, Bromus spp, Lupinus 
sp 

Bighorn National Forest,  large clones on both sides of Alt 14, 
850 meters Northeast of Burgess Junction, in open marshy 
parklands, one experimental clearcut and enclosure site is 
contained in this grove  

Wyoming Sheridan 1-Sep-17 0.825 9 2452 

17_179 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus contorta dominated 
forests 

Bighorn National Forest, lone tree at outside edge of road 
cut/fill 700 meters up from hairpin corner on Alt 14, Eastern 
side of Bighorn Mtns.  

Wyoming Sheridan 3-Sep-17 0.435 3 1783 

17_180 Luke R 
Tembrock 

Salicaceae Populus angustifolia E. James mature tree, trunk forrowed, 
leaves nearly elliptical  

Pinus contorta dominated 
forests 

Bighorn National Forest, small group of trees in drainge 
below road fill west of Alt 14 in Crystal Spring Draw drainage, 
Eastern side of Bighorn Mtns.  

Wyoming Sheridan 3-Sep-17 0.59 10 1872 

17_181 Luke R 
Tembrock 

Salicaceae Populus tremuloides 
x 
balsamifera 

 
mature tree, trunk forrowed, 
leaves lanceolate to elliptical, 
petioles mostly cylindrical, 
abaxial leaf surface nearly 
white  

Picea engelmannii, Ribes sp, 
Poaceae spp 

Wyoming State land, clones scattered along headwater area 
of Turkey Creek 1000 meters SW from Steamboat Point near 
Hwy 14 

Wyoming Sheridan 3-Sep-17 1 3 2237 

17_182 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Ribes sp, 
Poaceae spp 

Wyoming State land, clones scattered along headwater area 
of Turkey Creek 1000 meters SW from Steamboat Point near 
Hwy 14 

Wyoming Sheridan 3-Sep-17 1.01 9 2237 

17_183 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Ribes sp, 
Poaceae spp 

Wyoming State land, clones scattered along headwater area 
of Turkey Creek 1000 meters SW from Steamboat Point near 
Hwy 14 

Wyoming Sheridan 3-Sep-17 0.73 9 2216 

17_184 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Poaceae 
spp, Artemisia spp., Achillea 
millefolium, Juniperus 
communis 

Bighorn National Forest, numerous large clones associated 
with headwater springs and seeps of Granite Creek, 1300 
NW from Antelope Butte Ski Area off Hwy 14  

Wyoming Bighorn 3-Sep-17 0.955 10 2634 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_185 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Poaceae 
spp, Artemisia spp., Achillea 
millefolium, Juniperus 
communis 

Bighorn National Forest, numerous large clones associated 
with headwater springs and seeps of Granite Creek, 1300 
NW from Antelope Butte Ski Area off Hwy 14  

Wyoming Bighorn 3-Sep-17 0.44 5 2656 

17_186 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Poaceae 
spp, Artemisia spp., Achillea 
millefolium, Juniperus 
communis 

Bighorn National Forest, numerous large clones associated 
with headwater springs and seeps of Granite Creek, 1300 
NW from Antelope Butte Ski Area off Hwy 14  

Wyoming Bighorn 3-Sep-17 0.36 3 2640 

17_187 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Poaceae 
spp, Artemisia spp., Achillea 
millefolium, Juniperus 
communis 

Bighorn National Forest, numerous large clones associated 
with headwater springs and seeps of Granite Creek, 1300 
NW from Antelope Butte Ski Area off Hwy 14  

Wyoming Bighorn 3-Sep-17 0.91 9 2632 

17_188 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
ponderosa, Quercus gambelii, 
Lonicera involucrata, Bromus 
sp.  

San Isabel National Forest, several scattered clones near the 
intersection of CR 360 and FR 442 

Colorado Huerfano 4-Sep-17 0.16 3 2569 

17_189 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
ponderosa, Quercus gambelii, 
Lonicera involucrata, Bromus 
sp.  

San Isabel National Forest, several scattered clones along 
Wahatoya Creek riparian zone, 250 meteres upstream from 
the southern edge of Camp Wahatoya 

Colorado Huerfano 4-Sep-17 0.25 3 2644 

17_190 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
ponderosa, Quercus gambelii, 
Lonicera involucrata, Bromus 
sp.  

San Isabel National Forest, several scattered clones near the 
intersection of CR 360 and FR 442 

Colorado Huerfano 4-Sep-17 0.54 6 2567 

17_191 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made at Spring Creek TH, 50 meters west of the 
Cuchara water filtration plant 

Colorado Huerfano 4-Sep-17 0.65 8 2622 

17_192 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made 10 meters west from the edge of Co Hwy 12 

Colorado Huerfano 4-Sep-17 0.82 10 2783 

17_193 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. very large mature tree, some 
evidence of browsing, trunk 
white, unforrowed, leaves 
nearly round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis, 
Picea engelmannii 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made on first harpin corner on FR 422 below Blue 
Lakes 

Colorado Huerfano 4-Sep-17 1.36 12 3145 

17_194 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis, 
Picea engelmannii 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made on east side of FR 422 1 km down road from 
Bear Lake 

Colorado Huerfano 4-Sep-17 n n 3228 

17_195 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves large and 
nearly lanceolate, young 
stems reddish, cataphylls 
somewhat sticky  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis, 
Picea engelmannii 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made at pinic area adjacent to confluence of Texas 
and Cucharas Creeks off FR 422  

Colorado Huerfano 4-Sep-17 0.79 8 2878 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_196 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, little evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis, 
Picea engelmannii 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, 
collection made 600 meters north of Cuchara pass at parking 
area east of CO Hwy 12 

Colorado Huerfano 4-Sep-17 0.785 8 3015 

17_197 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis, 
Picea engelmannii 

North Lake State Willife Area, vast aspen forests throughout 
the area on the East slopes of the Sangre de Cristo mtns, 
collection made on Northwest corner of North Lake 8 meters 
west of CO Hwy 12 

Colorado Las Animas 4-Sep-17 0.36 4 2629 

17_198* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.5 9 1619 

17_199* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.34 8 1618 

17_200* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.865 10 1611 

17_201* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.65 10 1615 

17_202* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. young tree, some evidence of 
browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.15 4 1578 

17_203 Luke R 
Tembrock 

Salicaceae Populus deltoides Marshall mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.49 8 1567 

17_204* Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus scopulorum, 
Gutierrezia sarothrae, 
Cercocarpus montanus, Rhus 
trilobata, Vitis riparia 

JE Canyon Ranch, isolated aspen population in side canyon 
of Chacuaco Canyon 2 km east of CR 50 and 300 meters 
ENE from rock homestead, population located just beneath 
Dakota sandstone rimrock and associated with springs and 
seeps, desert scrub habitat dominant in area  

Colorado Las Animas 5-Sep-17 0.645 8 1594 

17_205 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis 

CO Hwy 12 ROW,  vast aspen forests throughout the area on 
the East slopes of the Sangre de Cristo mtns, collection made 
in borrow ditch west of CO Hwy 12, ~5.5 km north of 
Stonewall Gap 

Colorado Las Animas 6-Sep-17 1.05 8 2616 

* Samples from disjunct stands. 
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Table A1 (continued). Physical description, locality, site information, and associated plant species of collected aspen specimens.  

LT 
Collection 
No Collectors Family Genus  

specific 
epithet authority specimen description  main associated species  site/stand description State County 

date 
collected 

DBH 
(meters) 

height 
(estimate; 
meters) 

elevation 
(meters) 

17_206 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis 

San Isabel National Forest, vast aspen forests throughout the 
area on the East slopes of the Sangre de Cristo mtns, forests 
heavily impact by SAD with large areas of die back in this part 
of the Purgatoire drainage, collection made at north end of 
Purgatoire campground on west side of parking lot for TH of 
trail 1309 

Colorado Las Animas 6-Sep-17 0.595 8 2988 

17_207 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Juniperus communis 

North Lake State Willife Area, vast aspen forests throughout 
the area on the East slopes of the Sangre de Cristo mtns, 
collection made 22 meters south of FR 34 along the 
Purgatoire River 

Colorado Las Animas 6-Sep-17 0.44 5 2745 

17_208 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Picea engelmannii, Pinus 
contorta, Vaccinium sp. 

FR 46 ROW, 1 km east of Cordova Pass at edge of road fill  Colorado Las Animas 6-Sep-17 0.74 8 3379 

17_209 Luke R 
Tembrock 

Salicaceae Populus tremuloides Michx. mature tree, some evidence 
of browsing, trunk white, 
unforrowed, leaves nearly 
round  

Pinus ponderosa, Quercus 
gambelii, Salix spp. 

FR 46 ROW at confluence of Apishapa River and Herlick 
Creek in riparian corridor, single tree growing above borrow 
ditch north of road 

Colorado Las Animas 6-Sep-17 0.82 8 2649 

BBNP_2* Raymond 
Skiles 

Salicaceae Populus tremuloides Michx. mature tree Arbutus xalapensis, Pericome 
caudata, Pinus cembroides, 
Quercus ssp. 

West side of Mt. Emory growing at base of talus slope Texas Brewster 2016 – – 2138 

BBNP_3* Raymond 
Skiles 

Salicaceae Populus tremuloides Michx. mature tree Arbutus xalapensis, Pericome 
caudata, Pinus cembroides, 
Quercus ssp. 

West side of Mt. Emory growing at base of talus slope Texas Brewster 2016 – – 2149 

BBNP_5* Raymond 
Skiles 

Salicaceae Populus tremuloides Michx. mature tree Arbutus xalapensis, Pericome 
caudata, Pinus cembroides, 
Quercus ssp. 

West side of Mt. Emory growing at base of talus slope Texas Brewster 2016 – – 2160 

BBNP_6* Raymond 
Skiles 

Salicaceae Populus tremuloides Michx. mature tree Arbutus xalapensis, Pericome 
caudata, Pinus cembroides, 
Quercus ssp. 

West side of Mt. Emory growing at base of talus slope Texas Brewster 2016 – – 2186 

BBNP_9* Raymond 
Skiles 

Salicaceae Populus tremuloides Michx. mature tree Arbutus xalapensis, Pericome 
caudata, Pinus cembroides, 
Quercus ssp. 

West side of Mt. Emory growing at base of talus slope Texas Brewster 2016 – – 2189 

* Samples from disjunct stands. 
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Table A2. Molecular data of collected aspen specimens. 
LT 
Collection 
No latitude longitude date extracted ng/ul 

260/ 
280 LG65A 

P 
10 

P 
14 A 

P 
33 A 

P 
71 

P 
76 A P86 

W 
14 

W 
15 

W 
16 

W 
17 

W 
20 

17_110 45.21009 -108.16977 21-Nov-17 21.379 1.829 384 384 158 162 192 195 199 203 88 88 149 161 – – 204 204 196 196 – – 140 140 228 228 

17_111 45.20973 -108.17122 21-Nov-17 28.009 1.952 370 384 158 162 192 192 201 203 88 88 – – – – 204 204 199 199 – – 140 149 228 228 

17_112 45.21041 -108.16859 14-Nov-17 22.207 1.9 384 384 158 162 192 195 199 203 88 88 147 147 – – 204 204 196 196 – – 140 140 228 228 

17_113 45.21063 -108.16742 14-Nov-17 30.792 1.962 370 384 158 162 192 192 201 203 88 88 – – – – 204 204 199 199 – – 140 149 228 228 

17_114 B 45.20906 -108.16962 14-Nov-17 21.221 1.884 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_115 B 45.2091 -108.17 14-Nov-17 31.469 1.915 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_116 B 45.20907 -108.17054 14-Nov-17 11.184 2.238 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_117 B 45.20908 -108.17084 14-Nov-17 13.936 2 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_118 B 45.209 -108.17103 14-Nov-17 25.879 2.008 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_119 B 45.20901 -108.17116 14-Nov-17 20.789 1.893 349 349 148 160 195 195 187 189 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_120 B 45.20913 -108.17158 14-Nov-17 43.645 1.922 349 349 148 160 195 195 187 189 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_121 B 45.20967 -108.17215 14-Nov-17 40.847 1.934 349 349 148 160 195 195 187 191 88 88 157 165 – – 213 243 C 199 199 191 191 140 143 212 230 

17_122 B 45.20954 -108.17221 31-Oct-17 21.211 1.91 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_123 B 45.20966 -108.17258 31-Oct-17 19.799 1.98 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_124 B 45.20985 -108.17321 14-Nov-17 30.054 1.949 349 349 148 160 195 195 187 191 88 88 157 165 177 221 213 243 C 199 199 191 191 140 143 212 230 

17_125 B 45.13148 -108.28117 14-Nov-17 43.195 1.951 – – 156 164 157 180 193 193 98 102 157 165 191 193 – – 196 196 191 191 143 149 212 228 

17_126 B 45.131535 -108.281257 14-Nov-17 71.819 1.899 358 358 156 164 157 180 193 193 98 102 157 165 191 193 210 215 196 196 185 185 143 149 212 228 

17_127 B 45.131409 -108.281794 14-Nov-17 54.882 1.905 358 358 156 164 157 180 193 193 98 102 157 165 191 193 210 215 196 196 185 185 143 149 212 228 

17_128 B 45.131879 -108.281991 14-Nov-17 60.099 1.912 361 361 166 166 195 195 189 197 82 96 169 169 179 179 210 213 193 193 179 179 143 149 212 224 

17_129 B 45.132009 -108.281917 14-Nov-17 87.588 1.925 361 361 166 166 195 195 189 197 82 96 169 169 179 179 210 213 193 193 179 179 143 149 212 224 

17_130 B 45.13239 -108.281896 14-Nov-17 66.334 1.922 358 367 164 170 195 195 187 189 98 98 163 163 193 193 213 215 193 199 179 197 143 146 212 212 

17_131 45.176818 -108.439736 14-Nov-17 64.133 1.931 358 358 148 158 195 195 187 187 96 98 157 169 193 193 221 221 196 196 191 191 134 143 218 218 

17_132 45.176984 -108.440813 14-Nov-17 54.26 1.943 358 358 148 158 195 195 187 187 96 98 157 169 193 193 221 221 196 196 191 191 134 143 218 218 

17_133 45.175932 -108.441184 14-Nov-17 66.377 1.939 349 349 160 166 186 195 189 195 86 102 151 151 179 193 213 221 196 199 185 191 143 143 218 218 

17_134 45.176434 -108.440276 14-Nov-17 40.862 1.918 358 358 148 158 195 195 187 187 96 98 157 169 193 201 221 221 196 196 191 191 134 143 218 218 

17_135 45.189056 -108.348705 14-Nov-17 56.51 1.901 349 349 148 152 157 195 179 189 90 90 151 151 183 193 207 213 193 196 185 185 143 143 218 228 

17_136 45.18876 -108.347313 14-Nov-17 74.483 1.921 358 361 150 156 195 195 187 189 88 98 142 142 183 221 210 221 184 190 191 191 140 140 212 212 

17_137 45.18811 -108.345474 14-Nov-17 97.496 1.922 379 379 150 166 195 195 189 189 90 94 142 151 183 221 207 213 184 187 185 185 143 143 212 228 

17_138 45.187827 -108.342964 15-Nov-17 74.885 1.911 379 379 150 166 195 195 189 189 90 94 142 151 183 221 207 213 184 187 185 185 143 143 212 228 

17_139 45.194546 -108.425779 15-Nov-17 64.618 1.91 352 352 164 170 195 195 181 189 86 90 159 159 179 179 210 213 190 190 179 191 134 143 212 218 

17_140 45.195132 -108.425676 15-Nov-17 64.372 1.929 352 352 164 170 195 195 181 189 86 90 159 159 179 179 210 213 190 190 179 191 134 143 212 218 

17_141 45.194741 -108.425364 15-Nov-17 63.018 1.933 352 352 164 170 195 195 181 191 86 90 – – 179 179 210 213 190 190 179 191 134 143 212 218 

17_142 45.192988 -108.422345 15-Nov-17 74.161 1.874 352 352 154 164 195 195 179 185 90 96 151 151 179 193 210 213 187 193 185 185 143 143 224 228 

17_143 45.19236 -108.423478 15-Nov-17 71.415 1.919 352 352 154 164 195 195 179 185 90 96 151 151 179 193 210 213 187 193 185 185 143 143 224 228 

17_144 45.191717 -108.424303 15-Nov-17 75.545 1.964 352 355 138 138 186 195 191 197 94 102 142 151 193 195 213 213 184 184 179 185 152 171 212 212 

A Loci used with other loci for triploid determination (also in red). 
B Samples from disjunct stands (also highlighted in green). 
C Rare alleles in stands from disjunct stands (also highlighted in green).  
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